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Why MEDM?



EDM and MDM of fundamental particles

o S
In a quantum system, for spin % particles: H—=-pu-B-6-E
Electric dipole moment ( ) H ﬂ H= -u-B+6-FE
1 Non-zero EDM is a signal
0= §dﬂBP of P/T, and CP violation
Magnetic dipole moment (MDM)
1 Dipole moments are sensitive to baryon substructure. Arise
= §QMBP from electric charge and current distributions inside baryons

Spin polarization vector:

<S>

SHl N

P = Tr[po] =

Magneton: ug

Gyro-electric(magnetic) factor: d(g)




New physics with EDM

Big matter and anti-matter asymmetry founded in the universe.
(ng —ng)/ny|cup = (6.08 £ 0.09) x 10710

CP violation has been founded at K, B, D meson system, but not enough to explain matter dominant universe.
New CP violation sources beyond SM are needed to explain predominance of matter over antimatter.

O

O

SM prediction: dgp = % ~10718 « 1010

O EDM is one of the few low energy measurements sensitive to fundamental particle physics at a scale of few TeV
and above.
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Why search for EDM in different system?

O The search in different systems (leptons, nucleons, atoms, molecules) are complementary and

O Important: different BSM models a different EFT operators
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needed to discriminate between EDM sources.

arXiv:2407.19247

Doctor thesis of Joan Ruiz-Vidal:
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Hyperon EDM: theoretical aspect

Depends on inner structure, could be estimated using QCD models and LQCD

I.e. chiral perturbative QCD dy = 25402404, dy+=-07+05=+1.0,
assuming from strong CP  d, = —2.9+0.4 £ 0.8,
~16 , 3 o= 0.7£02+04, dg- = 22405+0.2
(107" € 6 cm) d =1.1+0.5+1.0
P deo = —344+04+0.8, dz-= 06+05+0.2.
F-K Guo et al,

JHEP 12(2012) 097

LQCD, only neutron?



Charmed baryon EDM: theoretical aspect

TABLE IV. Contributions to the EDMs of the antitriplet
baryons for A = 1 TeV. The results are given in 107'° ecm
and 1072° ecm for the qEDM and qCEDM operators, respec-
tively, and 102! e cm for the 4q and 4qLR operators.

Phys. Rev. D 108, no.7, 075023 (2023)

* Neutron EDM provides a strict limit on the

Contribution Af B2 B contribution from light quarks = Assume the EDM of
gEDM —0.14 +1.79 —0.144+1.79 -0.14+£1.79 charmed baryons comes only from charm quark
qCEDM —0.10 £ 3.10 +0.12 £ 2.7 —0.10 £ 3.10

4q 1017453  40.17+44 4013439 * At0(107*)ecm

4qLR +0.12 = 2.6 —0.15+2.5 —-0.11+24

TABLE V. Contributions to the EDMs of the sextet baryons for A = 1 TeV. The results are given in 107! ¢ cm and 1072 ¢ cm for the
qEDM and qCEDM operators, respectively, and 1072! e cm for the 4q and 4qLR operators.

Contribution >0 ) > =0 i QY

gEDM +0.06 £+ 0.86 +0.06 + 0.86 +0.06 £ 0.86 +0.06 + 0.86 +0.06 £+ 0.86 +0.06 + 0.86
gqCEDM +0.10 £ 1.37 +0.07 £ 1.37 —0.13 £ 1.51 +0.10 £ 1.37 +0.07 £ 1.37 +0.10 £ 1.37
4q +0.10 £ 2.90 +0.14 £ 2.76 +0.28 £4.17 —0.10 £2.32 —0.13 £2.72 +0.19 £+ 2.99
4gLR +0.01 +0.49 +0.02 4+ 1.37 +0.04 £ 1.10 +0.03 +=1.33 —0.14 £ 1.58 +0.13 +2.31




Baryon MDM

e MDMs can test QCD theory
e Charmed baryon MDM?

CERN-PBC-REPORT-2018-008

PLB 326 (1994) 303

PRD 77 (2008) 114006
PRD 65 (2002) 056008
PRD 56 (1997) 7273

NPA 735 (2004) 163
arXiv:1209.2900

PRD 81 (2010) 073001

J Phys G35 (2008) 065001
arXiv:0803.0221

NPA 797 (2007) 131

PRD 73 (2006) 094013

J Phys G31 (2005) 141
NPA 739 (2004) 69

Few Body Syst 20 (1996) 1
NIM B119 (1996) 259
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A measurement of u, and uz_ at 10% precision would be useful to confront with

theory predictions



Experimental measurement of MEDM

0 EDM and MDM extracted from spin procession in EM field

ds
_dt - SX(QMDM + QEDM + ‘Q'TH)
dup 14
Qupm = =—|(B——— (B -B)B — BXE
mow =5 2|(B =~ (B - B)B — BXE)

d
Qepy =~ (E ~ 7 (B-E) ~ fxB)

O Experimental requirement:
v’ Sizable polarized particle source

v Excellent detector for polarization measurement via

angular analysis

Significant challenge for short-lived particles,
i.e. A(107195),A2(10713 5),20(1072%)

v" Enough fight length/intense EM field for precession

10




Experimental techniques

7 OBSERVE

|| o pr-

b)

A’ PRODUCTION
TARGET

Phys. Rev. D23 (1981) 814
dy < 1.5x107 e cm @ 95% CL

Phys. Rev. Lett. 41 (1978) 1348
up = (—0.613 + 0.004) 1y

O Last direct measurement in 80’s @Fermilab

O Fixed-target experiment with 300GeV proton
beam on Be

O Magnet: 5m, 15Tm
O Reconstructed 3 x 10 A - pn~ decays

O Small transverse polarization ~8%

sensitivity depend on polarization
and difficult to improve to 1078 e cm

11



New techniques at BEPCII&BESIII

PHYSICAL REVIEW D VOLUME 47, NUMBER 5 1 MARCH 1993

CP violation in J/9p — A A

Xiao-Gang He, J. P. Ma, and Bruce McKellar

Research Center for High Energy Physics, School of Physics, University of Melbourne, Parkville, Victoria 3052 Australia
(Received 19 November 1992)

We study CP violation in J/1 — AA decay. This decay provides a good place to look for CP
violation. Some observables are very sensitive to the A electric dipole moment da and therefore can

be used to improve the experimental upper bound on da. CP violations in the lepton pair decays
of J/¢ and Y are also discussed.

2 _ %
Le-n = —373€da(p1 — P2)CyucAivs A
H, = igvd,\ measure time-like dipole form
3M? factor with g = m;

X.G.He, J.P. Ma, Phys.Rev.D47(1993)1744
X.G.He, J.P. Ma, Phys.Lett.B 839(2023)137834

12



New techniques at BEPCII&BESIII

O 3M J/yY — AA decays reconstructed with purity > 99%,
similar statistics as Fermilab in 1980s

O Preserve CP symmetry and a 3-order-of-magnitude
iImprovement

Re(dy) = (=3.1+£3.2+0.5) x 107" e cm,
Im(dp) =(2.9+2.6+0.6)x 107" e cm.

—8.6x 107" < Re(dy) <3.3x107" e cm,

—2.5%x 107" < Im(dp) <7.2x107 e cm,

ldp] < 6.5x107!° ¢ cm.

arXiv:2506.19180
Accepted by Science

Parameter This measurement

@A 0.7524 + 0.0036 + 0.0008

ax —0.7571 + 0.0036 + 0.0008
Re(G») (9.71 £ 0.06 + 0.24) x 10~
Im(G>) (9.14 + 0.04 + 0.23) x 10~*

P (-1.8+1.2+0.8) x 1073
Re(Fy) (—24+1.6+3.1) x 107
Im(F,) (=7.9 £3.7 £2.5) x 1076
Re(Hy) (-1.4+1.4+0.2) x 10°° Gev!
Im(Hy) (1.3+£1.2+0.4) x 107° GeV~!
@y 0.4748 + 0.0022 + 0.0017

A 0.7552 + 0.0042 + 0.0013

Acp (-3.1+4.6+1.1)x1073

sin” g5 —0.15+0.12+ 0.26

Re(dp) (=3.1+3.2+0.5)x 107 e cm
Im(dp) (29+2.6+06)x10"7¢ cm,




What can be done at LHC?

v Direct measurement of hyperon MEDM?

v" First attempt on charmed baryon MEDM?

v’ Possibility for t MEDM?
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Hyperon MEDM at LHCb



The LHCb detector

CMS

LHC

SPS
™ AWAKE
' [ 2016 |
HiRadMat ATESS
[ 2011 |
ézlz%l ISOLDE
BOOSTER [ 1992}
A | REX/HIE
/
3 — > | East Area
PS ellonnn ity
LINAC 4 o , CLEAR
H v ' Ea
s [ 2005 78 m |
p H (hydrogen anions) b p (protons p ions P RIBs (Radioactive lon Beams) P n (neutrons) p p (antiprotons) P e (electrons)

LHC - Large Hadron Collider // SPS - Super Proton Synchrotron // PS - Proton Synchrotron // AD - Antiproton Decelerator // CLEAR - CERN Linear
Electron Accelerator for Research / AWAKE - Advanced WAKefield Experiment // ISOLDE - Isotope Separator OnLine / REX/HIE - Radioactive
EXperiment/High Intensity and Energy ISOLDE // LEIR - Low Energy lon Ring // LINAC - LINear ACcelerator // n_TOF - Neutrons Time Of Flight //
HiRadMat - High-Radiation to Materials

16



The LHCb detector
Run 1-2 detector

Calorimeter 10
RICH . — 2024 (13.6 TeV): 9.56 fb'
. R — 2023 (13.6 TeV): 0.37 b
CLCEEEEEEE SEEEEERE R gl —2022(13.6TeV): 0.82 10"
B¢l HCAL M4 MS — 2018 (13 TeV): 2.19 fb™

i \
1+ SPD/RS, [ M3 —250mrad

RIGH2 M1 4 = \
T3 [} (]

(
(
— 2017 (13 TeV): 1.71 fb™
61— — 2016 (13 TeV): 1.67 fb™"
(
(

— 2012 (8 TeV): 2.08 b
— 2011 (7 TeV): 1.11 fb

Integrated Recorded Luminosity (fo™)

: " |
Tracking Muon Mar May Jul Sep Nov

_ Month of the year
2 <1n <5, about 25% of bb pairs inside
LHCb acceptance

Magnet

Excellent time, IP, mass resolution, and

excellent tracking, PID performance. ,



O Acceptance:

The LHCb detector

ver. +250 mrad

hor. +300 mrad

[0 Measured B field values stable

gauss

within o = +0.07

18
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How to?

AL >
X [m]
-
{1
VELO rul
| HE=F

-1
INITIAL
POLARIZATION P,
|

A(pn)

"~ /

proton angular distribution in A helicity frame (2 —2 0)

dQ (cos Op. Dp. P) o 1—|—r‘|n 0, cos (f)p—l—‘m fpsin gbp—l—'cos Op.

with a the A decay asymmetry parameter (0.732+0.014)

-[2] |

1

2

3

BN
4 5 6 7 8 9 19 2m

[1] Eur. Phys. J. € (2017) 77:181 [2] Nature Phys. 15 (2019) 631-634

19



How to?

N\ polarization (helicity) precession in electromagnetic field

A > A(pm) T1 T2 T3
A MAGNET '
X [m] /// !
1T B //// >
1] i
=
e BN e ™ B
VELO A | % P x(p sin®,—P, %sind) P COScD)
IR e
Precession angle:
AT | m“gf%d”
INITIAL FINAL Y U U
POLARIZATION P, POLARIZATION P, | 'm]

|
| | | |
1 2 3 4 5 6 / 38 9 10
[1] Eur. Phys. J. € (2017) 77:181 [2] Nature Phys. 15 (2019) 631-634
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Fit strategy

Region3<z<5m:

Limited precession,
Most sensitive to the
initial polarization

l_l1—|'|_IT|_I_I_I—|_|'I_I'r[1_I'|—I'II

T1 T2 T3

Region5<z<6 m:

Intermediate region, adding statistics
for both initial polarization and g and d

measurements

Region6<z<8 m:

polarization

Region with maximal precession 2>
most sensitive to EDM and MDM.
Poor sensitivity to the initial

~

/

21


https://indico.cern.ch/event/1535136/
https://indico.cern.ch/event/1535136/
https://indico.cern.ch/event/1535136/

Fit strategy

In the helicity frame, P, is maximal along the A momentum (~ perpendicular to B), the angular distribution after
the precession is:

dl’
dQ

Polarization after the precession: Helicity frame

ﬁdp’OagadJ[{j?f}/aﬁ—:l} — (ﬁO

Where the precession angle is:

cos by, @p, I?) o< 1 + P, sin 6, cos ¢, + oo, sin 0, sin ¢, + a P, cos 0,
pr Pp p p

given to the p.d.f.
to be
P can be fitted or fixed




Dataset

Run 1 + 2 data and simulation, benchmark channels:

A?, = J/YP(—» u*u")A(- pr) (golden channel for EMDMs)
weak production from b- and c-baryons decays = possibility to access PO~ 100%
equal production of polarized A and A baryons (oppositely to previous experiments)

Maximum precession angle: 30°

B® - J/y(~ u+u‘)Kg(—> i) (Kg null polarization = control channel for EMDMs, cross-
feed background)

* Two body decays, with 100% initial polarization (P,) of the A baryon o x > i/ﬁ
0

* Efficient trigger on detached J /1 — u*u~, already available during Run 1 and Run 2



Events / 0.035

=
£

Validation with B® - J /Y (- utu )KQ(» ntm™)

Efficiency estimation on simulation

(Gbreweighter trained on IVIC)]% correction
| applied to data

'-*"'016-

=
[2+]

Ci 0.14 -

[
v 0.12
bt

=
)]
1

C 0.10
@

> 4
T 0.08

& F . S, 0 I

0.06

|:| MC after sel
[ ] MCpresel

[ MC after sel corrected

024 0.04 4

0.02

0.0 - 0.00 -

-0.6 =04 =02 00 02 04 08

cosB,
(

Pox -0.006 + 0.009

Po, 0.006 + 0.009

Poz -0.005 £ 0.010 5

i f |

Result compatible with zero on data, as 09 0 ot A I ¢-1
expected! It validates the fitting procedure Background subtracted data distributions.

(not the precession part).
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Events/(10.0 MeV/c?)

Signal yield of A} - AJ/y

As expected from simulation, the resolution on the invariant mass improves with the decreasing of z: larger
lever arm = better momentum resolution = better mass resolution

[ T T I ] - T T T I E T |E T T I T E
1200 ‘_+ Data T ONILIP 900 ;—_I_ ll?ata ' ' TTTTTTTTTP
- 11 . E 3
o C 06 all) ] & 80 E——F all) =3
‘;‘;3 - 7 2 0 E F =
[ " 8 7 % E F 3
= | 9+328 _| = 600 = 294
< = + ] - E 3
E- . 4+ 309 = E 500 E_ 1247 _E
] - 1 S5 g =
5 owf o4 F e =
@ - . D 200 B =
- B 100 E- e’ ia
N ™ - =
——— i S—— II L - n : L L =
5 - 5. -

Z0 0 e
-5 5 [

5100 52833 5466.7 5650 58333 6016.7 6200 5100 5283.3 5466.7 5650 5833.3 6016.7 6200 5100 5283.3 5466.7 5650 58333 6016.7 6200

MU/yA) (MeV/ic?) M(J/yA) (MeV/ic?) MJ/yA) (MeV/ic?)
Nsig within 30 7978 + 121 3873 + 101 3632 + 183

Purity within 30 71% 61% 46%



Pseudo-experiments

W =0.0485 = 0.0001
o= 0.0008 £ 0.0000

110 pseudo-experiments
with 25k events (as in Run
1+ Run 2 data) of AY —
A= pr?)] /P (= wrum)
decayseach,3<z<8m

oA
0.0480 0.0485 0.0490 0.0455 0.0500 0.0505 0.0510 0.0515
g g Error

04~ 0.0495 > d, ~ 4.4 x 10-16¢ cm gg /g ~0.04
Fermilab experiment: 1.5 x 1071¢ e cm Fermilab experiment: ag /g ~ 0.008

—>Factor 3/5 worse for now, but more data are coming...

26



Other possibilities in Run3

Table 1: Dominant A production mechanisms from heavy baryon decays and estimated yields

Run 3: 2022-2026, eXpeCted 20 fb-1 produced per b1 at /s = 13 TeV, shown separately for SL and LL topologies. The A baryons
from =~ decays, produced promptly in the pp collisions, are given in terms of the unmeasured
New fully software trigger, development of ~ Poetion cross section. . o~
dedicated trigger lines for all the decays with ~ SL events N/t ((x10") LL events, 5~ — Ax~ N/ ((x101)
T tracks: Z0 5 AK 7t 7.7 B Eatpta- 236
AT = Artata~ 3.3 2 E gt 7.1
v A% N A]/l/} =F > AKntnt 2.0 EF = EZ atnt 6.1
1 AT — Ant 1.3 A — E Kt 0.6
(produced Ny = 1.2 fb ) 20 5 AKTK™ (no ¢) 0.2 =0, =Kt 0.2
Z0 -5 Ap(KTK™) 0.1 Prompt =~ 0.13 X 0, =— [ub]

v B® > /(= MK (- ntn7)

B0 5 Ent,ET - An” ) 4 )
v B0 s Enrtrt Charm decays: number of A produced is
v 20 5 AKmt — some (2-5) orders of magnitude greater
vV AY > AnTatnt than that in b decays. Trigger lines working
v EF > AK ntnt in Run 3
vV B> Entnt Y, \_ )

27



LHCb plans to run up to 2041 and reach 300 fb~! data =
o5 ~5x 1071 e cm on a long timescale

Future upgrade

Upgrade | Upgrade Il
Current limit A EDM: Fermilab, 1981, fixed

ey
o]
T

']

Run5 Run6l :

target experiment A EDM < 1.5 E16 i >
x 10716 e ¢m, with 95% C.L. gufE B " 1300 8
- : : : ~\ ‘;12 : . 3 250 §
Run 1 + 2: analysis to obtain a very first bak -
measurement of EDM and MDM at a collider g F .
experiment: proof of principle. First é d: 150 £
\measurement of A MDM. ) = 6 |
& i, 100
Gun 1 + Run 2 + Run 3: similar R 2 [Run 1 Run 2 };50
sensitivity to the current limits (with the 2 oo e | TR g, . . B ]
decays considered, large room for e W s s & @8 S0
improvements with other decays not yet ( \
\analyzed). y Current measured value A MDM: u = 0.613 +
0.004uy
‘Run 1 + Run 2 + Run 3 + Run 4: R |
sensitivity reachable of o5 ~ 1.3 x Expected improvement A MDM: sensitivity reachable
10718 ¢ cm (50 fb~! data) 0, ~ 10™*uy with 50 fb-1 data = first CPT test at

\10‘4 level with A baryons J

28
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Charmed baryon MEDM at ALADDIN



The difficulties

MDM and EDM accessed through spin precession in EM field
Requirements & challenges:
« Charm baryon lifetimes are very short, 7 ~ 2 — 4 x 10713 s

= large enough flight length = 7-10 cm = ultra-relativistic
baryons, y = 1000

= very strong EM field, B.¢s = 500 T 1 ‘ , 7] \ w-\
* High intensity beam of polarized charm baryons L TNAAY  TungsTEN

R TR d TARGET
* Forward spectrometer for signal reconstruction, background ,

rejection and angular analysis (analyzing power)

" Ac” baryon

Charm baryons from fixed target-target pW collisions at the LHC,
\/s = 115 GeV (7 TeV proton beam)

And the EM field?

30



V. M. Biryukov et al., Springer-Verlag Berlin Heidelberg, 1997

Spin precession inside a crystal

o _ Positively charged particles are channeled between the
To measure EDM and MDM of short-lifetime particles (¥5cm) atomic planes if their impact angle is small enough.

strong EM field are needed. v’ Steer the particle trajectories of a given angle.
_ v Induce a spin precession of the particles in a short
In bent crystal we obtain: distance

* Electric field E =1 GV/cm
e Effective magnetic field B=500T

~e
&

S0 (cosd — 1)

g—2 ' g—2

D ~ 6 —
2 VP S Sy ~ 50 cos P
so sin @

2500

.
& &

20.00

Y I Production plane

5.00

a)
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Charm fragmentation fractions

Charm fragmentation fractions recently
measured by ALICE are not in agreement
with previous measurements from
ete™, e p,pp data

Points to an increase of charm baryon
fragmentation fractions with lower pr
New measurements ongoing with LHCb

SMOG(2) at similar /s and low pp

PRD 105 (2022) L011103
JHEP 12 (2023) 086
arXiv:2405.14571

—~
-CO
T
2
S—

0.8

0.6

0.4

0.2

l i I l 1 I i
" ALICE, pp ly| <0.5
. m\Vs=13TeV
— m {s=5.02 TeV

+ B factories, e'e’, Vs = 10.5 GeV
+ LEP,e'e’, \s=m,

e HERA, ep, DIS

o HERA, ep, photoproduction

T 1

I~ ‘: o RN -~ ‘a
= L LI o
n m . lll I.l \‘ E l/ \\\ B E
I~ | I
| Efim @ E '\ :.1 2?
| | S, fr 1% |
p* D* D K =2 =-dv D
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Polarization in p-Ne collision

s with LHCb SM

OG

[« Data

% E o Data %
> M40F _ rotal fit LHCb 7 = 100 - — Total fit LHCb =~
. . + . f 120E Al 21.7 nb E f A- 21.7 nb
¢ POIar|Zat|On Of AC at \/E = 115 GeV IS = 100: Background ] = gok " Background _'
£ E £ I
unknown 5 8op E g
S SO E S 40f
* Measurement of A} polarization at LHCb 0F ] P43 of
20 1 T
} i t ¢ : it
SMOG p-Ne collision at /s = 68.6 GeV T 23 2 0T 23 235
m(pK %) [GeV] m(pK*n) [GeV]
(different energy from ALADDIN case)
Nps =910 Nz- = 710

* First differential measurement of A} and

Py = (244 £ 9.5 (stat) £ 2.2 (syst) )%, Pg- = (=8 12(stat) £ 3 (syst) )%,

A, polarization as a function of xz and pr.

1 = T T ] A 1 ET T -

i i7ati 8F = 08F 3

Interesting to understand polarization (3 ERpt E

L . 04F + £ 04F + =

mechanism in strong production 02EF * + E 02E e 3

0 E ““““““““““ ...E 0 E “““ ST OO ‘ _E

o2p | T | 1 -02F ? *F" 3

_04F T 1 -04fF E

-0.6 ;— @ A; — stat. uncertainty ~ — total uncertainty E -0.6 ;_ @ A] — stat. uncertainty — total uncertainty _;

) -0.8F O A. — stat. uncertainty total uncertainty = —08F O A. — stat. uncertainty total uncertainty =

CERN-EP-2026-016, arXiv:2602.17184 1B . LB L =
0 5 10 o 0.5 0

(accepted by PRL)

P, [GeV]
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Amplitude analysis at LHCb PHYS. REV. D 108, 012023 (2023)

Use 400k At —» pK~n* signal events from semi-leptonic beauty hadron decays to determine the
amplitude model and A/ polarization

X
T — 7] a- a Fa
— B T T T i 10 £ 3 of 5 of X
B -1 o o0 s
> = 1 49 2 st g 10} § ]
8 13F = ~ S o S 4 ]
e : : = 8 g‘ -:-:; é 6F fg 4F
~16F = 5 R B! 2o
R n 1 7 :-S ¢ 2k © © o2
| 1 4 " __‘ E 2r i3
3 o . 1 ol o 0 . e
By & 6 040608 1 12141618 2 1 1.5 2 25 3
S 12 mAK ) [GeV?] m2(p ) GeV?]
. i x10°
- 5 g G P A 8
[ S st S M 3
1F 3 3 . 3
. 4 I i i
[ E} g 3 =]
0.8 x 3 S 3 8 3
- 2_ 2
0.6
- 2 1 g
— = ——
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Large sensitivity to polarization (analyzing power). Af - pK~nt* best probe for A}
polarization measurements of produced in fixed-target collisions
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Amplitude analysis at LHCb PHYS. REV. D 112, 092003 (2025)

Use 187k EFf —» pK~n™ signal events from semileptonic beauty hadron decays to determine the
amplitude model and £} polarization
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Large sensitivity to polarization (analyzing power). £f - pK~n*suitable
for £} polarization measurements of produced in fixed-target collisions
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TWOCRYST proof-of-principle experiment
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Detector setup

Detectors

VELO silicon

Fibre tracker ,
pixel detector

Recovered from
ATLAS-ALFA

Courtesy of S. Jakobsen
Courtesy of S. Cesare

~ g\ N um

—

Goniometers, detectors and Roman Pots installed in the 2024/2025 YETS 37



Preliminary TWOCRYST results at TeV energies

Experimental technique established: successful machine studies conducted during MDs, double
channeling achieved at LHC

O\
\ Preliminary Results

TWOCRYST Fibre Tracker
Measurement Data 2

Pixel Tracker
Measurement Data

(1700 B

%
%%
0,
K3

First Second channelled
Bent Crystal
e i Bent Crystal

Double channeling using LHC protons from beam halo CERN news link INFN news link

CERN Courier article in press
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https://home.cern/news/news/experiments/towards-new-physics-bent-crystals?trk=feed-detail_main-feed-card_feed-article-content
https://www.infn.it/en/search-for-new-physics-a-possible-new-approach-from-bent-crystals/

Channeling efficiency at TeV energies

* First measurement of channeling efficiency at TeV energies

Measurement of rate of protons on target at 6.8 TeV in progress

. Channelling efficiency TCCP From S. Cesare PhD Thesis
; LHC https.//doi.org/10.17181/y2499-6bf38
50 A i
40 4 }
- 204
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Experiment concept
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* With 7 TeV LHC protons and 7 mrad Si 7mrad
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ALADDIN experiment

https://aladdin.web.cern.ch/

Upstream . Downstream
Tracker Dipole magnet 1.1 T Tracker RICH

W target
TCCP

spllttlng rece55|on
Ha 0 I
4
kms 120n1 0.7 m

#/aLADDIN

4000 0 e A

L N v" ALADDIN (An LHC Apparatus for Direct Dipole moment INvestigation) is an
3 Lifrgéfflf)\.\ in vacuum fixed-target experiment proposed at LHC for MDM/EDM
A measurements of charm baryons
Experimental apparatus:
e Crystal 1 (TCCS): sec. halo extraction from LHC beam
* Witarget™~2cm
e Crystal 2 (TCCP): spin precession of charm baryons
. * Spectrometer: baryon reconstruction with a 1.9 Tm magnet
oo NS A ' f * Particle identification detector - RICH
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https://aladdin.web.cern.ch/
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Detector setup

40 40

2()-— -2l)
* Pseudorapidity acceptance5 <7 <9 : :
. 0 I0f4l B .0!5. B I()TGI B I().ITI B .O!SI B IOTOA B I1!0I 0
* Angular resolution =~ 15 urad e [
* Good momentum & mass resolution < 25 MeV to separate the 5 ] i 2 Tckespe Boan Pt
. A T e e o o _
signal from misidentified background, eg. sl i
v' DT > K~ with one w* misidentified to be proton °r L ]
: e S == ]
v Df - K~K*nt with one K* misidentified to be proton e ]
2__ - T 7
_— . : .. e i ~n .
v' have similar cross section, channeling efficiency, and lifetime as A} bbb o]
p [GeV]
* Tracker requirements: Si 7mrad
= =~ 1 m lever arm (distance between neighboring tracking stations), "
at least 6 layers/station, 3-4 stations
%JLOO
* Need a RICH for particle ID up to 1 TeV to suppress background from "
misidentification and random combinations ’ )

momentum[GeV]



Pixel detector

Exploiting synergies with LHCb upgrade 2 and PPS upgrade

PPS upgrade mechanics/cooling

LHCb upgrade 2 pixel readout board prototype
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RICH

o
< ~29.8 m . 8 .
] : = radiator
y radiator 140
mm
i_T $100mm exit window
@ v @@ O
80 ”
mm o
! 2=33690 mm > < > 2=0
Lo2om AZ (TCCP —RICH) = 15.2 m mm View in the xy plane at the

RICH entrance (not in scale)

Design choice for baseline: 20 m long vessel, 80 cm diameter, filled with Ne (980 mbar, 25 °C, A=309 nm),
single reflection configuration

N, separation - /p

—
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-
[=]
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o 10° E T T e
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®
5
- S ISR SR U U
2
10 £
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3
Track momentum [decklfc]

1
3
Track momentum [dacklfc]
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Sensitivities

First measurements of charm
baryon MDM and EDM

v 2-year data taking

v 10°p/s

v (1.37 x 1013 poT)

v P =30%

Phys. Rev. D103, 072003 (2021)

Si Ge
Deflection angle [mrad] 16 7 5 16 7
Length [cm] 10 7 7 10 7
A baryon
a ~ —0.03[—0.76]
Niot deflected per 1010 PoT 3.6 86 162 12 120
() 576 945 1036 717 886
(pr) (GeVl/c) 0.67 0.84 0.88 0.73 0.81
(sz) 0.09 0.20 0.23 0.13 0.20
(8y) 0.22 0.24 0.24 0.23 0.24
Niec pK 7" only 62 1474 2773 201 2066
_ N, all charged 109 2836 5409 367 3940
Op (x1072 pp) all charged 4.1 1.2 1.1 2.0 1.1
os (x107 % cm) all charged 6.9[19] 1.5[4.6] 1.2[3.1] 3.1[11] 1.4[3.8]
=+ baryon
a ~ 0.05[—0.47]
Niot deflected per 10'° PoT 19 135 215 40 98
() 437 596 641 520 602
(pr) (GeVl/c) 0.65 0.74 0.77 0.69 0.74
(sz) 0.08 0.16 0.17 0.10 0.14
(8y) 0.23 0.27 0.28 0.25 0.26
Niee 2 mHaT only 89 735 1202 205 1096
ANe—aH-eharged 27 1539 2408 531 2898
Op (x1072 pp) all charged 3.5 1.8 1.8 2.0 1.5
os (x107%ecm) all charged 7.2[7.7] 3.1[3.0] 3.0[2.5] 3.6[5.5] 2.9[2.3]
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Timeline

If approved today ALADDIN TP ALADDIN TDR RUN 4

| I I

Now 2027 2028 2029 2030
————————————————————————— T LT T T T T T L LT T T e e

: ' I |

Slmulation Layout optimization I [

I | I
_________________________ e ety

RP module support design
| |

I
I
Mechanics RP module support design I
I
|

RP module support design

Module design

|
I
Prototype testing + control + DAQ |
|
I

I
Electronics | I _
I I Module production
| | Qualification
------------------------- e e ey

Cooling ' L : PR '

I Additional connection to the LHC water circuit? I
. How many cables? How many fibres?
Services

LS3 cable pulling needed?



Possibility for t MEDM

Opportunity for other measurements in the very forward region,5 <1 <9, i.e.
T MEDM, cross section of charm hadron production, QCD polarisation, / /i photoproduction

Requires much larger #PoT and further R&D: focusing crystals? HI SC magnets?

—ws 310"
10" = ----- (@, 8) 5=0.58 ]
» - = a 6,-tagging 7
S -5 0,-tagging |
. —aDC
y N &DC 110
W target ‘% 107 .
= ]
I § ]
D <‘ = 1077
D+ N 1028 & \'.... E
’ ‘ g S \
< S .
JHEP 03 (2019) 156 [ TN 100
Phys. Rev. Lett. 123 (2019) 011801 104 Ll ol il il S

10" 10" 107 10" 10"
PoT
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Summary



Summary

* Electric and magnetic dipole moments are of great significance in the search for new source of
matter-antimatter imbalance and study the internal structure of fundamental particles

* New measurement of A dipole moments at LHCb is ongoing

* A new experiment, ALADDIN, is proposed and designed at LHC to measure the electric and
magnetic dipole moments of charmed baryons for the first time

e The electric and magnetic dipole moments of T lepton are possible to be measured in the future
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T track reconstruction

Reconstruction challenges linked to:

o low magnetic field strength
» few tracking stations

L

opoor momentum resolution of ~20% (0.5-1%

for Long tracks) : improved to 4.5%

olong propagation distances from T stations to
magnet region — need RungeKutta instead of
linear extrapolator

=
o

Efficiency

e
oo

A z vertex position [m]

Long-lived particle
reconstruction
downstream of the
LHCb magnet. Eur.
Phys. J. C 85, 7 (2025).

—— 4-track reconstruction
Loose selection

—— Decay Tree Fitter (DTF)

— Trigger

DTF is the bottleneck of the
efficiency
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https://link.springer.com/article/10.1140/epjc/s10052-024-13686-6
https://link.springer.com/article/10.1140/epjc/s10052-024-13686-6
https://link.springer.com/article/10.1140/epjc/s10052-024-13686-6
https://link.springer.com/article/10.1140/epjc/s10052-024-13686-6
https://link.springer.com/article/10.1140/epjc/s10052-024-13686-6
https://link.springer.com/article/10.1140/epjc/s10052-024-13686-6
https://link.springer.com/article/10.1140/epjc/s10052-024-13686-6

T track reconstruction

> 1.0
% / \ —— 4-track reconstruction For more details see
;_g — Loose selection Fernando’s talk at RTA
= 0.8 : DPA meeting
M- —— Decay Tree Fitter (DTF)
//\ ForwardTree Fitter (FTF)
o6 — __—

mrovements introduced by FTF (offline tool): \

* Residuals evaluation at 15t track measurement

0.4 * Global Runge Kutta (RK) model instead of usual linear
approximation at estimated vertex

* Dedicated and fast RK model

* Optimized seeding

0.2
&/ LHCDb This allows us to:

\ / Simulation * Increase the efficiency
0.0+ . : . . * Enlarged reconstruction region for TT vertex: (5,8) m = (3,8) m
3 4 5! 6 7
A z vertex position [m] Resulting in improved momentum, mass and vertex resolutions

o ./



https://indico.cern.ch/event/1535136/
https://indico.cern.ch/event/1535136/
https://indico.cern.ch/event/1535136/
https://indico.cern.ch/event/1535136/
https://indico.cern.ch/event/1535136/
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https://cds.cern.ch/record/2677046/files/LHCb-ANA-2019-017.pdf

ALADDIN experiment

ylmm] T4 exit window
A magnet elhptlcal beam pipe
80 - H T3

_ beam pipe flange ‘ magnet \

Try to minimize the impact on the beam pipe modifications. Above, the
downstream tracking stations are positioned outside the vacuum
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